This article introduces a new technique designed to study the flow of information through processing stages in choice reaction time tasks. The technique was designed to determine whether response preparation can begin before stimulus identification is complete ("continuous" models), or if a stimulus must be fully identified prior to any response activation ("discrete" models). To control the information available at various times during stimulus identification, some relevant stimulus characteristics were made easy to discriminate and some were made hard to discriminate. The experimental strategy was to look for effects of partial output based on information conveyed by characteristics that were easy to discriminate. The technique capitalized on the fact, demonstrated in Experiment 1, that,preparation of two response fingers on the same hand is more effective than preparation of two response fingers on different hands. The usefulness of partial output was varied by manipulating the assignments of stimuli to responses. For some mappings partial information could contribute to effective response preparation because the responses consistent with partial information were assigned to fingers on the same hand. For other mappings partial information could not contribute to effective response preparation because the re-• sponses consistent with partial information were assigned to fingers of different hands. Performance differences between these mappings were considered evi-,dence that partial information about a stimulus was transmitted to response activation processes before the stimulus was uniquely identified, and thus were considered evidence against discrete transmission of information about the stimulus as a, whole. A variety of stimulus sets were studied; the results suggest that information is transmitted discretely with respect to stimulus codes, although distinct codes activated by a single stimulus may be transmitted at different times.
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These processes have a contingent relation-cesses: When is information transmitted from one process to the next? The idea that each process operates over a significant period of time is not new, but until recently the question of when information is transmitted from one process to the next has received scant attention. In the interest of formulating precise human information processing models, however, it has become important to consider the timecourse over which the products of one process become avaiable to subsequent processes. This issue is probably best clarified by considering two extreme views. The simplest view is that the output of one process is passed to subsequent processes only after that process has finished. According to this view, performance is carried out by a series of discrete processes or "stages" operating in a contingent fashion. That is, the output of one stage serves as the input to the next stage, and stage N + 1 cannot begin until stage N has finished (Broadbent, 1958; Sperling, 1960; Sternberg, 1969a) . For the purposes of temporal modeling, the important feature of the discrete model is that total reaction time (RT) is the sum of the durations of the component mental processes (Donders, 1969; Schweikert, 1978; Sternberg, 1969a Sternberg, , 1969b .
Recently, many theorists have given serious consideration to the sorts of models that would be needed to allow temporal overlap of processes in successive stages (Anderson, 1977; , Anderson, Silverstein, Ritz, & Jones, 1977; Eriksen & Schultz, 1979; McClelland, 1979; Norman & Bobrow, 1975; Rumelhart, 1977; Taylor, 1976; Turvey, 1973) . Exploration of such models seems to have been motivated largely by arguments of physiological and neuroanatomical plausibility. Alternatives to the discrete approach are based on the idea of "partial" or "continuously available" output from one process to the next; such models are sometimes referred to as "concurrent-contingent" models (Turvey, 1973) . According to these models, it is not necessary for one process to finish completely before transmission of information to the next process can begin. Instead, each process continuously forwards whatever information it has to the next process, even if this information is incomplete. In the "continuous flow conception" of Eriksen and Schultz (1979) , for example, "information about stimuli accumulates gradually in the visual system, and as it accumulates, responses are concurrently primed or partially activated" (p. 252). In this model response activation begins before stimulus identification is complete. In general, continuous models allow different processes to operate in parallel, even though the output of one process serves as input to the next. Thus, total RT is not simply the sum of the durations of the component processes, as assumed by many standard procedures for basing inferences on RT data (cf., Smith, 1968) .
The crux of the dispute between discrete and continuous models concerns the fate of information that becomes available rela-. tively early in the course, of processing done by a particular stage. According to discrete models, such preliminary information is simply held until full stimulus information is available. Continuous models, however, assume that preliminary information is transmitted to subsequent processes immediately. Furthermore, continuous models asume that this preliminary information is used by the subsequent processes to accomplish some "preparation" or "priming" (e.g., Eriksen & Schultz, 1979) . This preparation is believed to heighten readiness for a set of stimuli suggested by the preliminary information, generally facilitating the processing that is done when full information becomes available (cf., Posner, 1978, chap. 4 ).
There have been many studies of the preparation that occurs when a subject is given partial information about a forthcoming stimulus (Seller, 1971; Doll, 1969; Goodman & Kelso, 1980; Klapp, 1977; La Berge, Van Gelder, & Yellot, 1970; Neely, 1977; Posner & Snyder, 1975; Posner, Snyder, & Davidson, 1980; Rosenbaum, 1980) ; these studies support the assumption that preliminary information would produce useful preparation if it were transmitted from one process to the next. These studies are not directly relevant to the discrete versus continuous issue, however, because partial information did not come from the stimulus itself but rather from a separate cue given well in advance of the stimulus. For example, Goodman and Kelso (1980) asked subjects to make one of eight choice responses to one of eight stimulus lights. About 4 sec before the stimulus light was turned on, a subset of the eight lights was illuminated. This subset served as a cue to prepare for certain stimuli, since the test stimulus always came from the indicated subset. Not surprisingly, responses to the test stimulus got faster as the cued subset got smaller; In general, cuing studies demonstrate that preparation occurs when a cue provides partial information about a stimulus. To get evidence relevant to the issue of discrete versus continuous models, however, it is necessary to find out whether partial information provided by early analysis of the stimulus itself also leads to useful preparation.
Response Preparation Effect
The goal of the research reported here was to develop an experimental method for discriminating between discrete and continuous models. The method developed in this article specifically examines the process of activating a response. The question addressed in these experiments is, whether information extracted early in the processing of a particular stimulus can be used to prepare responses before full information about the stimulus is available. Continuous models suggest that such preparation should be possible, whereas discrete models suggest that it should not.
It must be emphasized that discrete and continuous models make different predictions only when the information provided by a stimulus is recognized little by little over an extended perid of time. If all the information in a stimulus were to become available at precisely the same time, there would be no preliminary information to be transmitted or used for preparation. Therefore, an experimental comparison of the two models must use stimuli designed so that some preliminary information about a stimulus becomes available well before complete information is available.
One way to ensure the presence of preliminary information is to manipulate pairwise stimulus discriminability (Miller & Bauer, 1981) . Suppose, for example, a stimulus set consists of four letters chosen such that they can be grouped into two pairs of visually similar letters (e.g., M, N; U, V). With appropriate pilot studies, it is easy to show that discriminations between visually similar letters (e.g., MN) are much slower than discriminations between visually dissimilar letters (e.g., MU). Thus, it is reasonable to suppose that preliminary information would indicate to which visually similar pair (MN or UV) the stimulus belonged and that this information would be available well before stimulus identity was uniquely established. The problem, then, is to determine whether this preliminary information is actually used to prepare responses.
The basic idea behind the method used in these experiments is this: Manipulating the efficiency with which preparation can take place will reveal whether or not it does take place. Suppose, for example, we want to test the hypothesis that students prepare for exams (i.e., study), and exam performance is the only available dependent variable. One way to test the hypothesis would be to give one group of students a "good" study guide and another group a "bad" study guide. The good study guide would focus students' attention on material specifically covered in the exam and provide clear, accurate summaries of the course material. The bad one would stress material not covered on the test, and give incomprehensible, inaccurate summaries. If students actually do prepare for exams, then students who get the good study guide should perform better than students who get the bad one. If students do not prepare for exams, the study guides should make no difference, and the two groups should do equally well. In general, an experimental manipulation of the efficiency of hypothesized preparation should only produce an effect if the hypothesized preparation actually takes place. In this example, then, we can determine whether students prepare for exams by manipulating the efficiency with which this hypothesized preparation could take place.
The test for hypothesized response preparation is based on the same idea. As discussed above, it is possible to construct stimulus sets with the property that any particular stimulus can provide partial information well before full information is available (e.g., by controlling pairwise stimulus discriminability). If this preliminary information is actually used for preparation of responses, as assumed by the continuous models, then an experimental manipulation of preparation efficiency should produce a main effect. If preliminary information is not used to prepare responses, as assumed by the discrete models, then such an experimental manipulation should not produce any effect. Thus, it would be! possible to discover whether preliminary information is used to prepare responses by manipulating the efficiency with which the hypothesized preparation can occur.
Studies of the structure of the motor system suggest a way to manipulate the efficiency of the hypothesized response preparation. There is considerable evidence from cuing studies that some combinations of responses can be prepared together more efficiently than other combinations of responses. For example, Rosenbaum (1980) showed that two responses made by the same arm can be prepared together more efficiently than two responses made by different arms. To control the efficiency of response preparation, then, it is necessary to produce one condition in which preliminary information is consistent with two responses prepared together relatively efficiently and another condition in which preliminary information is consistent with two responses prepared together relatively inefficiently.
In the present experiments subjects were required to respond with one of four fingers: the middle and index fingers of the right and left hands. Experiment 1 used a cuing paradigm to show that when two of these responses can be prepared in advance, preparation of two fingers on the same hand is more efficient than preparation of two fingers on different hands. That is, subjects could respond to a stimulus more quickly when an advance cue indicated that the response would be made with (say) one of the two fingers on the left hand than when the cue indicated that the response would be made with one of the two index fingers. Since this was a cuing study, it is not directly relevant to the issue of discrete versus continuous models, as discussed earlier. The expement does establish, however, that preliminary information allowing preparation of two fingers on the same hand leads to more effective preparation than information allowing preparation of two fingers on different hands.
Given these preliminaries, the proposed test for response preparation can be stated as a comparison between two conditions. The stimulus set is identical in the two conditions, consisting of two pairs of visually similar stimuli. Preliminary information is available in both conditions because it is much easier to recognize to which similar pair a stimulus belongs than to recognize which particular stimulus it is. The response set (middle and index fingers of the right and left hands) is also identical in the two conditions. The difference between the two conditions is in the assignment or mapping of stimuli to responses. In the same^hand condition, stimuli in one visually similar pair are assigned to response fingers on the left hand, and stimuli in the other pair are assigned to response fingers on the right hand. In the differenthand condition, stimuli in both visually similar pairs are assigned to response fingers on different hands (e.g., one pair to the two index fingers and the other pair to the two middle fingers).
In the proposed, experimental design, preparation of responses based on preliminary information should be more efficient in the same-hand condition than in the different-hand condition. In the same-hand condition, preliminary information is consistent with two response fingers on the same hand, and the system can prepare these two fingers relatively efficiently. In the different-hand condition, preliminary information is consistent with two response fingers on different hands. The response system can also prepare these two fingers, but it does so less efficiently. The efficiency of preparation will only have an effect, of course,, if preparation based on preliminary information actually occurs. Thus, if preparation does occur, performance should be better in the same-hand condition than in the different-hand condition.
Predictions of discrete and continuous models for the same-and different-hand conditions are reasonably clear, assuming that more efficient preparation leads to faster responses. According to continuous models, preparation does take place. Since preparation is more efficient in the same-hand condition than in the different-hand condition, responses should be faster in the former condition than in the latter. According to discrete models, response preparation does not begin until the stimulus has been fully identified. At that time, of course, only a single response needs to be prepared. Thus, a discrete system would not prepare the two responses consistent with preliminary information, and it would be unaffected by the relative efficiency of preparing these two responses together. Discrete models, then, cannot explain any difference between the sameand different-hand conditions in terms of response preparation.'
To summarize, the method is based on presenting preliminary information that is consistent with two efficiently prepared responses in one condition (same-hand), and consistent with two inefficiently prepared responses in a second condition (differenthand). Continuous models assume that response preparation occurs before full stimulus information is available. Greater efficiency of response preparation should lead to faster responses in the same-hand condition than in the differen,t-hand condition. Discrete models asssume that response preparation does not begin until full stimulus information is available. Therefore, preparation efficiency should have no effect, and the same-hand and different-hand conditions should not differ. The difference in RT between the same-and different-hand conditions is a measure of the extent to which response preparation actually occurs. In the present article, the term response preparation effect (RPE) will be used to refer to the difference in overall RT (different-hand minus same-hand) between these two conditions.
The present method may at first appear to be a roundabout approach to the problem of examining the preparation of responses. However, it overcomes the serious problem of finding a dependent variable that accurately reflects continuous response preparation. Making a response in an informationprocessing task is, for all practical purposes, a discrete process. Given the discreteness of the response, it is hard to determine whether processes prior to the response are also discrete, or whether there is simply a discrete criterion at the end of a continuous system (e.g., McClelland, 1979) . The method proposed here circumvents this problem by Ic-oking at a variable that need not reach a discrete threshold on each trial: the efficiency of response preparation.
Experiment 1
The first experiment examined the response set used in these experiments: the index and middle fingers of the left and right hands. The purpose of the experiment was to show that responses are faster when a cue specifies which hand will make the response than when it specifies which type of finger (e.g., index vs. middle) will make the response.
The experimental design was similar to that employed by Goodman and Kelso (1980) , as discussed earlier (see also Rosenbaum, 1980) . The stimulus was a plus sign (+) in one of four spatial locations; stimuli were assigned compatibly to four horizontally arrayed response keys. On some trials the subject was given a cue indicating that the stimulus would appear in one of two particular positions. Trials on which no cue was given will be referred to as unprepared trials. Trials with a cue indicating two positions assigned to fingers on the same hand will be referred to as trials in the prepared: hand condition; trials with a cue indicating two positions assigned to homologous fingers (i.e., index or middle) on different hands will be referred to as trials in the prepared: finger condition; and trials with a cue indicating two positions assigned to different fingers on different hands will be referred to as trials in the prepared: neither condition.
To examine effects of deliberate preparation strategies, one group of subjects was explicitly instructed to prepare for the re-' Readers may wonder whether discrete models might account for the sort of effect considered here in some, way other than response preparation. Alternative explanations will be considered after the effect is demonstrated in Experiment 3. sponses indicated by the cues, and another group was not. The group given instructions to prepare was also allowed more time between cue and test stimulus to give deliberate preparation strategies ample time to establish a set. Furthermore, this group was also occasionally presented with a test stimulus that was not one of the ones indicated by the cue. For the group not specifically instructed to prepare, all test stimuli came from the cued set.
Method
Subjects. A total of 44 right-handed undergraduates at the University of California, San Diego (UCSD), served in a single experimental session of 20-30 minutes. Participation in the experiment partially fulfilled a requirement of an introductory psychology course.
Apparatus and stimuli. Stimuli were presented and responses and response latencies recorded by a Terak 8510 microcomputer. Stimuli were plus signs presented in the standard character set of the computer. The stimuli were presented in the center line of the display screen. The horizontal positions of the four possible stimuli covered a total width of eight character positions, spanning about 2 cm. Stimuli could appear in the first, third, sixth, or eighth position. Thus, the two leftmost and two rightmost positions were separated by about 3 mm; the two center positions were separated by 6.5 mm.
Procedure. A trial began with the presentation of a warning signal consisting of plus signs in all four locations. The warning signal appeared on the screen two lines above the line in which the stimulus would appear and remained on throughout the trial. After a delay of 250 msec, the cue appeared on the line directly above the stimulus line. In the prepared conditions, the cue consisted of plus signs in two of the four locations, as described above. In the unprepared condition, the cue consisted of plus signs in all four locations. Then there was a variable delay, with interstimulus intervals (ISIs) ranging from 0 to 1,000 msec, followed by the onset of a single plus sign as the, test stimulus. The entire display thus generated remained on until a response was made, at which time accuracy feedback was given. The next trial began approximately 2 sec later. Responses were made by pressing one of the four outside buttons on the bottom row of a standard typewriter keyboard (Z, X,.
[the period], and / [the slant]).
For one group of 24 subjects, the test stimulus was always one of the two expected stimuli on prepared trials. Subjects were informed of this fact but were not explicitly told to prepare. For these subjects, the ISIs were 0, 125, 250, 375, and 500 msec. Each subject was tested in a single block of 430 trials, with the first 30 being practice. There were 5 tests at each ISI in each expected position for each preparation condition.
A second group of 20 subjects was explicitly instructed to try to prepare for the responses indicated by the cues. These-subjects were informed that the test stimulus would appear in one of the expected positions on 80% of all trials but would appear in one of the unexpected positions on the remaining 20%. For these subjects, ISIs between cue onset and stimulus onset were 0,250, 500,750 and 1,000 msec. Each subject was tested in a single block of 370 trials, of which the first 30 were practice. Subjects were tested twice on each finger at each ISI in the unprepared condition, four times on each finger at each ISI in every expected condition, and once on each finger at each ISI in every unexpected condition.
Results and Discussion
Separate analyses were performed for the two groups of subjects. For each group, average RTs and percentages of correct response were computed for each of the preparation and test conditions.
Average RTs are shown in Figure 1 for the group that was not explicitly instructed to prepare. An analysis of variance (ANOVA) confirmed the significance of type of preparation, F(3, 69) = 28, p < .01, MS, = 7,626, ISL, F(4, 92) = 97, p < .01, MS t = 5,111, and their interaction, F(12, 276) = 2.4, p < .025, MS e = 3,444. Planned comparisons revealed that responses were faster in the hand preparation condition than any of the others and that this difference increased with ISI. An analysis of the percentages of error indicated only a signficant difference among error rates for the four preparation conditions, F(3, 69) = 7.9, p < .01, M5 e = 63. Fewer errors were made in the hand preparation condition (1.6%) than in the finger (3.7%) and neither (3.5%) preparation conditions, with the unprepared condition yielding an intermediate number (2.4%). Figures 2 and 3 show average RTs for the group that was instructed to prepare. To the extent that a subject is prepared for one of the expected stimuli, a response to one of these stimuli should be especially fast and a response to one of the unexpected stimuli should be especially slow. Figure 2 shows latencies from trials with the test stimulus in one of the expected locations, and Figure  3 shows latencies from trials with the test stimulus in one of the unexpected locations. The neutral unprepared condition is included as the solid line on both figures to expedite comparison between the two. Expected responses were about 50 msec faster in the hand preparation condition than in either of the other two preparation conditions, whereas unexpected responses were about 35 msec slower in the hand condition. It is particularly striking that there was benefit for expected stimuli only when the cue led to preparation of two fingers on the same hand.
Statistical analyses confirmed the reliability of the results apparent in Figures 2 and 3. In an ANOVA with factors of type of preparation, expected versus unexpected, and ISI, the type of Preparation X Expectancy interaction was highly signficant, F(2, 38) = 30.8, p < .01, MS e = 4,204. The threeway interaction with ISI was not significant F(8, 152) = 1.5, p > .10, MS e = 3,896, how-600 . 5SO .
Figure 2. Experiment 1: average reaction time as a function of the delay between the cue and the stimulus (ISI) and the type of preparation indicated by the cue. (These results came from subjects who were explicitly instructed to prepare for the stimuli indicated by the cue, and represent only trials on which the test stimulus was one of the two stimuli indicated by the cue.) 700 .
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•* UNPREPfl RED "PREPRRED: HflND •«PREPRREDi FINGER -^PREPRREOt NEITHER 0 250 SOD 750 1000 ISI Figure 3 . Experiment 1: average reaction time as a function of the delay between the cue and the stimulus (ISI) and the type of preparation indicated by the cue. (These results came from subjects who were explicitly instructed to prepare, and represent trials on which the test stimulus was not one of the two stimuli indicated by the cue.) ever. Thus, the RT data support the idea that preparation is more effective when two responses on the same hand are prepared than when two responses on different hands are prepared. An analysis of the error data confirmed this hypothesis. For expected stimuli, fewer errors were made with hand preparation (3.5%) than with finger (6.9%) or neither (6.0%) preparation. For unexpected stimuli, more errors were made with hand preparation (6.0% vs. 4.5% and 4.7%). This preparation by expectancy interaction was statistically reliable, F(2, 38) = 4.5, p < .05, MS e = 72.5.
Overall, the results from both groups support the claim that preparation to respond with one of two fingers on the same hand is more effective than preparation to respond with one of two fingers on different hands. Thus, with this response set it is possible to manipulate the efficiency of response preparation. As described in the introduction, these preparation conditions will be used in an attempt to find out whether response preparation can begin based on preliminary information from a single stimulus.
The finding that same-hand preparation is more efficient than different-hand preparation is consistent with several distinct theories of the motor system. For example, one might account for the result with a hierarchical model (Kerr, 1978; Rosenbaum, 1980) , and argue that it is necessary to specify which hand will respond before differential activation of fingers can take place. The failure to find any difference between the prepared: finger and prepared: neither conditions could be interpreted as support for this model, as could the evidence that cerebral control of hand and finger movements is almost completely localized in the contralateral frontal lobe (Brinkman & Kuypers, 1973; Crosby, Humphrey, & Lauer, 1962; Gazzaniga, 1970; Wiley, 1975) . Certainly, though, other explanations of the effect could be based on a more dynamic view of the motor system (e.g., Goodman & Kelso, 1980) or on the idea of differential response competition among different components of the motor system (Kornblum, 1965) .
The important point about the alternative explanations of the same-hand advantage is that for present purposes, it does not matter which explanation is correct. In any case, this set of responses and preparation conditions can be used to manipulate the efficiency of response preparation. In terms of the study guide analogy, the alternative explanations have to do with the reasons why one study guide is better than the other. It is not necessary to understand these reasons fully to determine whether preparation takes place.
It is important, however, to rule out one possible nonmotoric explanation ot the preparation effects observed in Experiment 1. It might be argued that these effects were really due to perceptual preparation rather than response preparation, in which case they would not be useful in looking for a response preparation effect. For example, one could claim that preparation for two stimulus positions is more efficient the closer together they are, possibly because of an advantage in sharing attention across nearby positions. Under this hypothesis, preparation could be most effective in the hand preparation condition because the two primed positions are close together. Such an explanation is not particularly plausible, however, in view of the small visual angles separating stimulus positions. Hoffman (1972, 1973) have shown that attention cannot be focused more precisely than 1° of visual angle; position separation was less than that for all but one of the preparation conditions in this experiment (the condition in which the two middle fingers were prepared). Furthermore, the observed effects do not support the explanation. The cues for the twd index fingers were nearly as close together as the cues for the two fingers on the same hand, and they were only half as far apart as the cues for the two middle fingers. However, preparation effects were virtually identical for preparing two middle or two index fingers.
Finally, an interesting effect produced by the instructional manipulation should be mentioned. The extent of preparation was constant across ISI for the group explicitly instructed to prepare, but increased across ISI for the group not explicitly instructed to prepare. It is likely that subjects adopted a deliberate strategy of preparing on every trial in the former condition and that this strategy was so strong that they never responded to the stimulus until after they had prepared. In the latter condition, subjects may have started preparing when given the cue and then aborted the preparation process if the stimulus was presented before preparation was complete.
Experiment 2 Experiment 1 demonstrated response preparation based on the information in a cue and showed that the efficiency of preparation depends on which two response fingers are prepared. The purpose of this experiment was to begin examining conditions under which response preparation could take place during a trial, based on information that is part of the actual stimulus. The stimuli were the four letter pairs BE, BO, ME, and MO. Each stimulus thus had two binary-valued components, and the temporal onset of the two components could be controlled independently. Preliminary information about the stimulus pair was conveyed by presenting one letter slightly before the other letter. Varying stimulus-response (S-R) mappings were used to determine which letter signaled "hand" and which letter signaled "finger within a hand."
Method
Subjects. Subjects were 24 undergraduates recruited from the same pool as in Experiment 1.
Apparatus and stimuli. Stimulus presentation and response timing and recording were controlled by an Automated Data Systems Micro-8 computer. The four stimuli were the letter pairs BE, BO, ME, and MO. Stimuli were presented as light figures on a dark background and were viewed from a distance of abut 50 cm. Individual letters were about 9.5 mm high by 6 mm wide, and were separated by 3 mm. Responses were made with the index and middle fingers of the left and right hands on a microswitch keyboard located directly in front of the subject. "
Procedure, Two groups of 12 subjects were tested. For one group, the four response buttons, frpm left to right, were assigned to the stimuli in the order BE, BO, ME, and MO. Thus, for this group the consonant indicated which hand would be used in making the response, and the vowel indicated which finger on a hand. For the other group, the assignment was BE, ME, BO, and MO, so the vowel indicated the response hand.
Each subject was tested in two blocks of 200 trials. The first 8 trials in each block were considered practice and were not recorded, and the remaining 192 trials were divided evenly among 24 conditions. These conditions were defined by three factors: which of the four stimulus pairs was presented, whether the vowel or the consonant was presented first, and the ISI between the onset of the first letter and the onset of the second letter (100, 350, or 600 msec). The two letters in a pair were always presented in the same spatial order, even though the temporal order varied. Both letters remained on the screen until a response was made, at which time accuracy feedback was given.
Subjects were instructed as to the nature of the stimulus set, the response buttons, and given the S-R mapping appropriate for their groups. They were told that the two letters would not appear at the same time but were not explicitly instructed to try to prepare responses.
Results and Discussion
Average RTs are shown in Figure 4 as a function of response assignment, letter presented first, and ISI. For the BEBOMEMO group, there was no advantage for the hand preparation condition at the 100 msec ISI, but there was an advantage of about 70 msec at ISIs of 350 and 600 msec. For the BE-MEBOMO group, there was no advantage for the hand preparation condition at any ISI.
Statistical analysis confirmed the reliability of these results. The factors in the analysis were group, ISI, and whether the first letter presented on the trial indicated hand or finger-within-hand information. An AN-OVA indicated that the between-subjects factor of group was not significant, F(l, 22) = 1.26,p > .10, MS e = 534,314, but the withinsubjects factors of type of information in the first letter, F (l, 22) MS e = 7,628, were significant. In addition, the interactions of group with type of information, F(l, 22) = 19, p < .01, MS e = 8,-722, type of information with ISI, F(2, 44) = .3.87, p < .05, MS e = 7,505, and the threeway interaction, F(2, 44) = 4.9, p < .025, MS C = 7,505, were all significant. Error rates ranged from 3.5% to 6.5% across these conditions, with no significant differences in an ANOVA. Conditions producing faster responses also produced more accurate responses, so the possibility of a confounding speed-accuracy tradeoff can be discounted.
The most important result of this experiment is to demonstrate the possibility of measuring response preparation that takes place during a trial. The finding of a significant preparation effect for the BEBOMEMO group at ISIs of 350 and 600 msec shows that information abut the consonant can activate responses before the vowel becomes available. The interaction with response assignments, however, shows that not all pairs of responses are equally easy to activate.
One plausible explanation of the lack of a preparation effect for the BEMEBOMO group is that the decision system is inflexible with respect to the order of processing the letters in a pair. The decision system might be constrained to reach the first decision about the consonant, since reading is normally done from left to right. This system could produce preliminary output when presented with the consonant first, but not when presented with the vowel first. Such a system would allow hand preparation for the BE-BOMEMO response assignment, but not for the BEMEBOMO response assignment.
Both the absolute size^f the RPE and the ISI required to obtain it are difficult to judge from the first two experiments. The hand advantage in the second experiment was about 70 msec. This figure is somewhat larger than the hand advantage over the unprepared conditions in Experiment 1. Of course, cue processing was not obligatory in Experiment 1, since the stimulus uniquely determined the response. Subjects may simply have ignored the cue on some trials. In the second experiment, however, both letters had to be processed to determine the response, so subjects could not avoid extracting the information on which preparation was based. On the basis of the first two studies, then, 70 msec is a reasonable guess as to the size of the RPE. It appears that the ISI needed to obtain the RPE is at most 350 msec with stimuli comparable to these. It is impossible to establish the minimum ISI required to obtain an RPE without a more precise model of how the effect builds up. In Experiment 2, for example, we would need to know whether processing of the first letter took the same amount of time as processing the second letter and whether response preparation continued during processing of the second letter or was terminated when that letter appeared. Without this information, it is difficult to tell why there was no RPE at the 100 msec ISI. It is possible that this ISI allowed 100 msec for response preparation and that this was not enough, but it is also possible that considerably less than 100 msec was actually available for preparation.
Experiment 3 Experiment 2 demonstrated that responses can be activated on the basis of early stimulus information obtained within a trial in a task with two-part stimuli. Finding evidence of partial output with such stimuli is suggestive of the power of the method, but it is a long way from demonstrating that partial output is always available to the response stage. In particular, the spatial and temporal separation of the different stimulus components would encourage subjects to treat them as two entities rather than one. The results of Experiment 2 indicate that the whole stimulus is not processed discretely as a single unit; but processing could be discrete with respect to spatially and temporally separate components of a stimulus.
The purpose of Experiment 3 was to look for an RPE with single entity stimuli. Two related stimulus sets were used. One consisted of four letters: a large S, a small s, a large T, and a small T. The actual letter heights were 11 mm for the large letters and 8 mm for the small letters. Pilot testing with a separate group of eight subjects indicated that with these four letters, the letter discrimination could be made about 85 msec faster than the size discrimination (SE of difference = 35 msec). If partial output were available, then, it should indicate which letter was presented before size information was available. Assignments of stimuli to responses were varied in order to look for a response preparation effect. Two letters of the same name could be assigned to response fingers on the same hand ("letter-same-hand mapping condition"), two letters of the same size could be assigned to response fingers on the same hand ("size-same-hand mapping condition"), or two different letters of different sizes could be assigned to response fingers on the same hand ("neither-samehand mapping condition"). If the decision about letter identity were available to response processes before the decision about size, then responses should be fastest in the letter-same-hand mapping condition because of the RPE. Otherwise, there should be no difference between the mapping conditions.
With the srST stimulus set, it was impossible to manipulate on a trial-to-trial basis the time interval between the onset of the two sources of information (i.e., letter identity and size). An attempt in this direction was made, however, by using a second stimulus set ("irlT") in which the letter discrimination was more difficult than the size discrimination. This set used the letters I and T, in heights of either 15 mm or 5 mm. Pilot testing of eight subjects indicated that with this set the size discrimination could be made approximately 72 msec faster than the letter discrmination (SE of difference = 14 msec).
Method
Subjects. Ninety-six subjects were recruited on the UCSD campus, and each served in a single 30-minute experimental session in partial fulfillment of a requirement for an introductory psychology course, Apparatus. The same apparatus was used as in Experiment 2.
Procedure. Each subject was tested in six blocks of trials. The first block was identical for all subjects; data from this block were used in an analysis of coyariance (ANCOVA) to reduce the between-subjects error term. The stimuli in this block were the letters A, B, C, and D, assigned in order to the left middle finger, left index finger, right index finger, and right middle finger. The block was 84 trials long, with trials equally divided among the four stimuli. The stimulus letter was displayed until the subjects made a response, at which time accuracy feedback was given. Approximately 1 sec later the next stimulus appeared.
At the end of the first block, subjects were told that for the rest of the experiment the stimulus set would consist of four letters. Half of the subjects were then given the srST stimulus set, and the other half were given the ITIT set. The subject was instructed as to which response key was assigned to each of the four stimuli, and this assignment remained constant throughout the remainder of the experiment. All possible assignments of stimulus letters to response keys were used equally often across subjects. Five blocks of 84 trials were run under these instructions, with 20-sec breaks between blocks. The trial structure was identical to that of the first block.
Results and Discussion
For each subject, the average RT and percentage of error were computed for each of the six blocks. Figure 5 shows the average RTs for subjects in the three groups corresponding to the different stimulus-response assignment conditions for the STST stimulus set. As is evident from the figure, the lettersame-hand mapping condition was about 85 msec faster than either of the other two, which did not differ from each other. The results for the irlT groups are shown in Figure 6 . Again, the letter-same-hand mapping was fastest, but with this stimulus set the size-same-hand mapping was somewhat faster than the neither-same-hand mapping.
To test the significance of the RPEs obtained with these stimulus sets, ANCOVAS were performed on RTs. Each subject's average RT for the first (ABCD) block was the covariate, and the dependent measures were the average RTs for the five experimental (STST or ITIT) blocks. Separate analyses were performed for the two different stimulus sets, and the independent variables were mapping, subject within mapping, and block. In the STST analysis, the main effects of mapping, F(2, 44) = 6.1, p<.01, MS, = 32,548, and block, F(4,180) = 17.5, p < .01, MS e = 2,667, were significant, as was the covariate, F(l, 44) = 44, p< .001). The interaction of mapping and block was not significant, F(8, 180) = .98, p> .20. The significant main effect of mapping indicates that the advantage for the letter-same-hand mapping in Figure 5 was statistically reliable. In the ITIT analysis, the main effect of mapping was also significant, F(2, 44) = 5.85, p < .01, MS, = 28,699, as was the main effect of block, F(4, 180) = 11.6, p < .01, MS e = 3,356 and the covariate F(l, 44) = 67.1, p < .01. Paired comparisons indicated that the letter-same-hand and the size-same-hand mappings did not differ significantly from each other, but both were faster than the neither-same-hand mapping. For both stimulus sets, average error rates were about 5-6%, with conditions that produced longer RTs also generally producing higher error rates. The differences among error rates were not statistically reliable.
These results are unambiguous with respect to the difficulty of the various S-R mapping conditions, and they suggest further conditions under which subjects can use partial information about a stimulus to prepare responses. Subjects respond relatively quickly if the large and small versions of a given letter are assigned to the same hand, indicating that they can use letter name information to prepare responses. To a lesser extent, subjects are able to use size information to prepare responses, but only if the size discrimination is very easy relative to the letter discrimination. It appears that decisions about letter identity normally but not invariably precede decisions about size, and that response preparation can begin as soon as either one is complete. Again, preparation is more efficient if the two responses consistent with the outcome of the first decision are assigned to fingers on the same hand than if they are assigned to fingers on different hands, so the final response in the former case.
It is interesting that letter identity could serve as a basis for priming with the ITIT stimulus set, even though the pilot data indicated that identity discriminations were much slower than size discrimination. One interpretation of this result is that the most natural system for coding the stimuli is in terms of letter identity, with size being a feature that discriminates among responses once letter identity has been selected (cf., Hardzinski & Pachella, 1980) . Imagine, for example,' that the decision process used a hierarchical decision tree to look up the response to a given stimulus. The most natural choice for the decision node at the highest level is the most salient stimulus characteristic. Letter identity would tend to be more salient than size, since identity involves welllearned categories. Using such a decision tree, subjects would, hold perceptual information about size until letter identity had been processed. Letter identity information could be used to prime responses during the time needed for the second level of decision in the decision tree (i.e., the decision using size information).
If the order of nodes in the decision tree were inflexible, of course, no priming based on size would be expected. However, some such priming was observed. This suggests that subjects in the size-same-hand condition may have been somewhat successful in rearranging the order of nodds in the decision tree so as to make the first decision based on size. With these stimuli size and letter identity may have been about equally salient, because size was so much easier to discriminate. If the structure of the decision tree were based on salience, then, it is not unreasonable to suppose that the structure would be flexible with these stimuli. This flexibility would help both size-same-hand and letter-same-hand mappings, relative to the neither-same-hand mapping.
The RPE obtained in this experiment is important if it truly reflects response preparation. By looking at response preparation in this way, it is possible to get constraints on the order in which various sorts of information are transmitted to the response system. In a sense, then, this effect provides a small window enabling us to observe transmission of information within the traditional "black box" of the human information-processing system. The observed RPE is also important because it allows rejection of models in which the stimulus is processed as a discrete whole. The RPE indicates that information about different properties of a unitary stimulus becomes available to response processes at different times, so it is impossible to characterize processing of the whole stimulus in terms of a discrete sequence of perception, decision, and response operations.
Alternative Interpretations of the RPE
Before applying the method to other stimulus sets, it seems important to consider pos-sible alternative explanations for the RPE observed in Experiment 3. The effect consists of an advantage for conditions with similar stimuli assigned to responses on the same hand as opposed to conditions with similar stimuli assigned to responses on different hands. RT is commonly found to depend on the exact assignment of stimuli to responses, and effects of this nature are often attributed to "S-R compatibility." Perhaps, then, discrete models could be reconciled with the results by attributing the effect to something other than response preparation based on transmission of partial stimulus information.
It is difficult to reject firmly a compatibilty-based explanation of the results of Experiment 3, because there is no consensus about the mechanism(s) responsible for S-R compatibility effects (cf., Duncan, 1977a Duncan, , 1977b . However, it is even more difficult to give a compelling explanation of the RPE in terms of compatibility. The most clearcut examples of S-R compatibility involve an obvious and natural correspondence between stimulus and response sets defined in terms of the same sorts of attributes. For example, when both stimuli and responses are defined in terms of spatial position, the most compatible mappings are those that require a response in the same position as the "presented stimulus (e.g., Fitts & Seeger, 1953; Morin & Grant, 1955; Rabbitt, 1967; Simon, 1969; Wallace, 1971) . Similarly, with linguistic stimuli and verbal responses, the most compatible mappings are those in which the response is simply to read the name of the stimulus (Blackman, 1975; Hawkins & Friedin, 1972; Sternberg, 1969a Sternberg, , 1969b . However, no such correspondence could account for the RPE in Experiment 3, because the variation among stimuli was different in character from the variation among responses.
It is possible that some of the left-to-right stimulus orderings used in Experiment 3 are more natural than others because of subjects' previous experience with the alphabet. One could perhaps argue that the lettersame-hand orderings are easier to remember than the others, and that this accounts for the faster responses to them. Such an explanation seems somewhat implausible in view of the limited memory demands of the task (four stimuli assigned to four responses), as well as the invariance of the effect across practice (see Figure 5 ). More significantly, the explanation is ruled out by the results of two experiments that will be described only briefly here.
2 One experiment used the same stimulus orderings as Experiment 3, but the four responses were made with the index finger of the left hand and the index, middle, and ring fingers of the right hand. No advantage was obtained for the lettersame-hand orderings in this experiment, so the advantage does not simply result from ease of remembering, the left-to-right ordering of S-R assignments. The other experiment used the same stimulus orderings and response fingers as Experiment 3, but varied the assignment of response fingers to response positions.
3 One condition was identical to Experiment 3, whereas the other required subjects to cross their index fingers. In the latter condition, the four response buttons were pressed, from left to right, by the left middle finger, the right index finger, the left index finger, and the right middle finger. Responses were faster when letters of the same name were assigned to response fingers on the same hand, regardless of the assignment of fingers to response positions. Thus, what is important is the match of stimulus set structure with motor system structure, exactly as predicted by the idea of response preparation. This finding is also embarrassing for an S-R compatibility explanation of the RPE, since compatibility effects depend on the assignment of stmiuli to response position rather than response limb (Wallace, 1971 (Wallace, , 1972 .
What is the "Grain Size" of Information Transmission?
As noted earlier, the RPE observed in Experiment 3 seems to rule out simple discrete models with successive stages in which the stimulus is processed as a whole. However, it is possible to reconcile the results with a discrete model in whiph the stimulus is processed in terms of two discrete components, letter identity and size. If letter identity and size were processed separately 2 A more detailed summary of these studies is avail lip. nn rRnilftst able on request, e on request. This experiment was suggested by Geoffrey Hinton.
and discretely, response preparation could begin as soon as processing was complete for either characteristic. This model would produce an RPE, even though it assumes discrete processing for both identity and size. The model accounts for the RPE by breaking up stimulus identification into two subprocesses, each of which has a discrete output. By allowing response preparation to begin as soon as either subprocess finishes, the model permits response preparation to begin before the stimulus as a whole has been identified. The above discrete model illustrates a log-, ical problem inherent in attempting to reject the discrete view of information processing. Whenever information about one stimulus characteristic is shown to be available for response preparation before information about another stimulus characteristic, discrete models can be reconciled with the results simply by allowing different processes to handle the two stimulus characteristics. In the limit, models could be constructed from discrete processes handling arbitrarily small units of stimulus information, and they would be indistinguishable from continuous models. There would be less and less point in calling such models "discrete," however, as their units of information transmission became smaller and smaller. In a sense, models are only discrete to the extent that they assume transmission of relatively large units of information.
It appears that the discrete versus continuous distinction reduces to a debate about the size of the units of information transmission (i.e., the "grain size" of information transmission). Continuous models state or imply that the grain size is effectively zero, so that any available information immediately begins to prime responses (cf., McClelland, 1979 ). Discrete models, on the other hand, must claim that information is transmitted discretely with respect to some fairly information-rich internal "codes," perhaps of the type often studied within information processing psychology (e.g., Posner & Taylor, 1969) . In these models, the grain size is considerably larger than zero, though it does not necessarily encompass all of the information in the whole stimulus. The notion of "code" required here is closely related to that of Posner (1978) , who said that "by a code I mean the format by which information is represented" (p. 27). The idea is that the system may represent a stimulus in terms of several internal codes (e.g., letter identity and size). Each code could be processed discretely in the sense that no partial information about the code is ever made available to later processes. Yet response preparation could begin as soon as any code was completely activated, without waiting for full recognition of the other relevant codes. This model is referred to as the asynchronous discrete coding (ADC) model, since each code is transmitted discretely but different codes activated by a single stimulus may be transmitted at different times.
The results of Experiment 3 do not discriminate between continuous models and asynchronous discrete models, because each stimulus could have been represented in terms of two rather information-rich codes: letter identity and letter size. Though the experiment demonstrates that the information grain is something smaller than a code for the full stimulus, it does not indicate the minimum units of information transmission. These grains of information could be as fine as the level of features processed by the visual system, or they could be as large as the level of codes for letter identity and size. The rest of the experiments in this article were designed to study the RPE with a variety of stimulus sets to get more information about the grain size of information transmission.
Experiment 4
This experiment tested for partial output concerning the single attribute of letter identity by capitalizing on visual similarity relations among letters. Four stimulus letters were assigned to four response keys, as in Experiment 3. In this experiment the four letters always consisted of two pairs of visually similar letters (e.g., MN and UV). Pilot testing of 12 subjects showed that discriminations between two letters in different pairs were about 112 msec faster than discriminations between two letters in a single pair (SE of difference = 22 msec). Thus, preliminary information, if it were available to the response system, should produce an advantage when two similar letters were assigned to fingers of the same hand, as com-pared with a condition in which similar letters were assigned to fingers of different hands.
If an RPE were found with this stimulus set, it would be difficult to defend the ADC model. The idea of asynchronous processing for distinct stimulus codes is reasonable for stimulus sets like those used in Experiments 2 and 3. When the stimuli are four distinct letters having different names, however, it seems unlikely that they would be coded in terms of anything other than letter name (Hardzinski & Pachella, 1980) . Thus, response preparation with this stimulus set would have to be based on partial output caused by activation within codes corresponding to similar letters (say M and N), rather than discrete output from a single code activated by both of them (an "M or N detector").
A failure to find the RPE in this experiment would be evidence against continuous models, since these models suggest that any information available from the stimulus can be used to prime responses. In such a system, partial information about letter identity should be available to prime responses. Thus, responses should be faster when early information indicates two possible responses made by the same hand than when this information indicates two responses made by different hands.
Method
Subjects. Subjects were 48 students recruited from the same pool used in the previous experiments.
Apparatus and procedure. This experiment was identical to Experiment 3, with the exception of the stimulus set. Each subject saw one of the following groups of four stimulus letters: CGKR, EFOQ, and MNUV. These groups of letters were chosen to maximize intrapair similarity while minimizing interpair similarity. Half of the subjects had similar letters assigned to fingers on the same hand, and half had similar letters assigned to fingers on different hands. Equal numbers of each of these groups were assigned to respond to each of the three stimulus sets. Within these constraints, 48 different S-R mappings were systematically selected to counterbalance alphabetical order.
Results
Mean RTs are shown in Figure 7 . On average, subjects with similar letters assigned to the same hand were 45 msec faster in the experimental blocks than the subjects with the other assignments. However, these subjects also averaged 30 msec faster in the covariate blocks. Neither the ANCOVA nor an ANOVA suggested that the difference between the preparation conditions might be reliable (Fs between 1 and 1.5, p > .10).
Experiment 5
It seemed important to replicate this null result, both because a small effect in the expected direction was obtained and because of the theoretical interest of the conclusion it supports. This experiment used a withinsubjects design for added power.
Method
Subjects. Twenty-one right-handed subjects recruited at UCSD were tested.
Apparatus and procedure. Apparatus and procedure were identical to those of Experiment 3 except as follows. Subjects were tested in six blocks of 100 trials. In order to get within-subjects information on the different mapping conditions, each subject performed in two blocks with each group of four letters. For one group of four letters (i.e., one pair of blocks) the four letters were assigned to hands so that similar letters were assigned to response fingers on the same hand. For another group of letters, the four letters were assigned to keys so that similar letters were assigned to the same finger, though on different hands, For the third group of letters, the four letters were assigned to hands so that similar letters would be on both different hands and different fingers.
Results and Discussion
The average RTs and percentages of error for the three mapping conditions were: 870 msec (6.8%) in the same hand condition, 846 msec (8.7%) in the same-finger condition, and 867 msec (4.7%) in the both-different condition. An ANOVA revealed that neither the differences in RT nor the differences in percentage error were reliable: for RT, F(2, 36) = 0.5?, p > .20, MS e = 47,655; for percentage error, F(2, 36) = 2.8, p > .10, MS, = 243.
Taken together, Experiments 4 and 5 provide no support for the idea that partial output about letter identity can be used to prime responses. Using difference scores to correct for group differences on the covariate block, there was a 15-msec effect 5 in the expected direction in Experiment 4. In the within-subjects design of Experiment 5, a 13-msec reversal was observed. It seems clear that these stimuli produce much less than the 85-msec priming observed with the srST stimulus set in Experiment 3. This smaller effect cannot be attributed to differences in relative discriminability in the two stimulus sets. The pilot data indicate that the advantage of the letter discrimination over the size discrimination with the srST stimulus set was comparable to or slightly smaller than the advantage of the between-pair discrimination (e.g., MU) over the within-pair discrimination (e.g., MN). If priming were related simply to relative discrirflinability of the two sources of information, Experiments 4 and 5 should have revealed an RPE at least as large as the one in Experiment 3.
Experiment 6
The ADC view of decision output predicts that response preparation should be obtained if and only if partial stimulus information is sufficient to activate fully a unique code. Experiments 4 and 5 indicated that when all stimuli activate distinct codes, no preparation is found. In this experiment stimuli were two letters and two digits. These stimuli were chosen so that each one would activate two codes. One code was a distinct, highly overlearned name code sufficient to determine the response. The second code, letter versus digit category, was in a sense ancillary and irrelevant to the task. On the other hand, there is considerable evidence that category information is automatically available at the same time as or a little before identity information (Jonides & Gleitman, 1972 . If so, these letter and digit category cpdes may be capable of generating partial output that can activate responses.
As in earlier experiments, it seemed important to control the relative discriminability of the items that were expected to be coded together. Since the RPE depends on the order in which information becomes available, this variable should have a large effect on the size of the RPE. If it did not, then alternative explanations of the effect would have to be considered. Pilot work led to the selection of three letter-number stimulus sets: UV49, EF17, and IS15. The first two sets provided stimuli for which the discrimination between categories was much easier than the discrimination within a category (average advantage = 75 msec, SE = 13 msec). The IS 15 set was just the reverse, with the discrimination between categories much slower than the discrimination within a category (average difference = 163 msec, SE = 28 msec).
Method
Subjects. Five groups of subjects all recruited at UCSD were tested, with 16 subjects per group.
Apparatus and procedure. The apparatus and procedure were .identical to that of Experiment 3 except as follows. For one group, the stimuli provided easy discriminations between categories (UV49 aftd EF17); the stimuli were assigned to responses so that making the category discrimination allowed the activation of two responses on the same hand. For a second group, the .same stimuli were used but the category discrimination allowed activation only of responses on different hands.
The other three groups had the IS 15 stimulus set, for which the between-category discrimination is relatively difficult. Of these, one group had two members of the same category assigned to the same hand, one group had visually similar items assigned to the same hand (i.e., 1 and I vs. 5 and S), and one group had visually dissimilar members of different categories assigned to the same hand. Figure 8 shows the average RTs for the two groups that saw the UV49 and EF17 stimulus sets. The large difference for the two mappings was highly significant in the ANCOVA, F(l, 29) = 7.28, p < .025, Af5 e = 25,541, as was the effect of block, F(4, 120) = 4.98. p < .01, MS e = 1,324 and the covariate, F(l, 29) = 8.16,p < .01. The RPE did not change significantly over blocks F(4, 120) = .83, p> .10. Figure 9 shows average RTs for three groups responding to the IS 15 stimulus set. Though the covariate F( 1, 44) = 24, p < .01 and the effect of blocks F(4, 180) = 7.79, p < .01, MS e = 1,894, were both significant, the differences among the mapping conditions were actually somewhat less than would be expected by chance, F(2, 44) = . 03, p> .95, MS e = 28, 814. This is the first experiment in which an RPE has been found with four distinctly nameable stimuli, The only difference between these stimuli and the visually similar letters used in Experiments 4 and 5 is that there was a categorical difference here: letters versus digits. It seems clear that this category difference was responsible for producing the RPE, so these results provide support for the idea that the RPE depends on discrete activation of a code. Even when this code is ancillary to the final decision, information transmitted through the code can be used to prepare responses.
Results and Discussion
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. 2 It is important to emphasize the difference in findings between this experiment and the experiments with similar letters, because this difference removes some of the difficulties inherent in accepting the null hypothesis with respect to the experiments with letters. The continuous model predicts RPEs in both experiments, since it does not acknowledge the importance of discrete code activation in the transmission of information. That the effect was large in one experiment and small or nonexistent in the other is positive evidence against the continuous model. Thus, these results are more than simply a failure to confirm a prediction of the continuous model. Similarly, the finding of response activation only when visually similar items belonged to the same category (compare Figures 8 and 9 ) is also evidence against the continuous model. In total, the results provide rather strong evidence for the importance of code activation in the transmission of evidence about stimulus characteristics.
Experiment 7
To this point, the question of whether response preparation begins before stimulus identificatipn is complete has been examined only with alphanumeric stimulus sets. Results suggest the^generalization that response preparation can occur only when early information discretely activates an internal code used in representing the stimulus. Ex- periments 7 and 8 examine this generalization in the context of geometric stimulus sets.
The purpose of Experiment 7 was to establish that an RPE can be obtained with geometric stimuli that would activate appropriate internal codes. The stimuli are shown in Figure 10 . Both intuition and data from a previous study (Miller, 1979) suggest that these stimuli would be coded in terms of two unequally salient binary attributes: shape of central figure (more salient) and location of horizontal bar (less salient). The previous study showed that RT decreases not only with increases in the probability of the test stimulus itself, but also with increases in the probability of the other stimulus with the same central shape. This finding supports the intuition of binary coding, since it suggests two stimuli with the same central shape jointly influence the level of activation in the code for that shape. Given the hypothesis that code activation is responsible for response preparation, then, it seems that information about the central shape of the stimulus should produce response preparation.
Method
Subjects. Subjects were 32 right-handed undergraduate students recruited at UCSD.
Apparatus and procedure. The apparatus and procedure were identical to that of Experiment 3, with the exception of the stimulus set. Two classes of S-R mappings were used: same shape on the same hand, and same bar location on the same hand. Sixteen subjects were tested in each of the two mapping conditions.
Results and Discussion
Average RT as a function of experimental block and type of S-R mapping is shown in Figure 11 . An ANCOVA RT indicated that the main effects of mapping F(l, 29) = 13, <.01, MS e = 18,397, and block, F(4, 120) = 19, p < .01, MS e = 3,279, were significant, as was the covariate, F(l, 29) = 64.5, p < .01, MS e = 18,397. The 79-msec RPE obtained with these stimuli demonstrates that response preparation can occur with codes other than highly overlearned, alphanumeric ones.
Experiment 8
Since the previous experiment demonstrated that response preparation effects can be obtained with geometric in addition to linguistic stimuli, it is again of interest to ask whether the effect depends on complete activation of codes used in recognizing the stimuli, or whether any kind of preliminary information can be used to prepare responses. The purpose of this experiment was to look for evidence of response preparation with a geometric stimulus set that would have unique codes for each stimulus. The stimuli are shown in Figure 12 . These stimuli were also used in the previous studies of 1000 .
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probability effects (Miller, 1979) , but it was found that RT to one of these stimuli depended only on the probability of that stimulus and not on the probability of the similar stimulus. This suggests that these stimuli are coded using unique codes for each stimulus rather than using two shared binary codes as were the stimuli in Figure 10 . If response preparation depends on stimulus coding even for geometric stimuli, then, there should be little or no RPE with these stimuli.
Method
Apparatus and procedure. The apparatus and procedure of this experiment were identical to that of the previous experiment, with two exceptions. First, obviously, a different stimulus set was used. Second, since the stimulus set was not composed of binary attributes, it was impossible to construct mappings logically equivalent to the "bar-same-hand" mappings in the previous study. The two sets of mappings studied in this experiment were those with the figure (X vs box) on the same or on different hands.
Results and Discussion
Average RT as a function of experimental block and S-R mapping are shown in Figure  13 . An ANCOVA indicated that the main effect of block, F(4, 12) = 12.8, /?<.01, MS, = 2,779, and the covariate, F(l, 29) = 20.6, p < .01, MS e = 38,548, were significant. However, the 3 8-msec effect of map- ping condition was not statistically reliable, F(l, 29) = 1.47,^ > .20, MS. = 38,548. The finding of a smaller, nonsignificant RPE with these stimuli thus supports the idea that responses are only (or at least primarily) prepared through the activation of codes used in recognizing the stimuli. The difference between this experiment and the previous one, under this theory, can be accounted for by arguing that subjects code the Figure 10 stimuli in terms of distinct binary codes, but use unique codes for each of the four stimuli in Figure 12 .
General Discussion
This series of experiments shows how response preparation effects can be used to determine when different units of stimulus information are transmitted to response activation processes. The technique is based on the idea that manipulating the efficiency of response preparation will produce an effect only when response preparation actually takes place. Preparation efficiency was manipulated by allowing preparation of two fingers on the same hand or on different hands.
The logic of the method is most easily illustrated by considering stimulus sets constructed from two binary dimensions. The amount of time available for preparation was controlled by varying the relative discriminabilities of the two dimensions. The S-R mappings controlled which dimension, if ei-ther, determined the hand to be used in the response and thus controlled the type of preparation that could be made given information about one particular dimension.
Within this framework, the effect of response preparation (RPE) associated with a dimension was measured as the difference in overall RT between a condition in which that dimension determined which hand would respond and a condition in which neither dimension alone was sufficient to determine which hand would respond. Significant RPEs were taken to imply that information about the dimension was indeed available to prepare possible responses before a unique response was determined. In other words, RPEs were taken as evidence that all of the information about the stimulus did not reach the response preparation mechanism at the same time, but rather information about the priming dimension reached the response mechanism before the other information needed to specify the response.
RPEs were also logically possible with stimulus sets not easily classified in terms of two binary dimensions. In principle an RPE could be observed whenever easy-to-perceive information restricted the possibilities to two responses, with a more difficult discrimination being required to decide between those. For example, the stimuli could be four distinct letters with strong visual similarities within two pairs (e.g., MNUV). With such stimulus sets it was possible that the easily perceivable information could be used to prepare responses while the more difficult discrimination was made. As with the binary dimension stimuli, this would result in an advantage for a condition in which visually similar stimuli were assigned to responses on the same hand, as compared with a condition in which visually similar stimuli were assigned to responses on different hands.
In the present analysis of response preparation, the debate between discrete and continuous models hinges on the unit or "grain" size of information transmission. At one extreme are fully continuous models, in which any information about the stimulus becomes available to "prime" later processing mechanisms. Fully continuous models thus predict RPEs with all stimulus sets. At the other extreme are fully discrete models, in which no information about a stimulus has been processed by that stage. Fully discrete models predict that RPEs should never be obtained with any stimulus set. Models intermediate between fully discrete and fully continuous vary according to the grain size of information transmission. A model may be regarded as discrete to the extent that it requires transmission of relatively large chunks of stimulus information and continuous to the extent that it allows transmission of relatively small chunks of stimulus information.
Results from a variety of stimulus sets place some interesting bounds on the grain size of information transmission. Contrary to fully discrete models, complete information about a stimulus need not be available before response preparation can begin. Contrary to fully continuous models, all easily perceived stimulus information is not immediately transmitted to response preparation processes. It appears that responses can be prepared on the basis of preliminary information that completely activates an internal code used in classifying a stimulus, but not on the basis of information that partially activates such a code. The only demonstrable instances of response preparation, in fact, were cases in which the stimulus could easily be represented using multiple codes, and one code was available well before the other. Thus, it appears that informationprocessing stages transmit information about dimensions by means of discrete codes, both for semantic/linguistic stimulus dimensions and for physical stimulus dimensions (cf., Posner, 1978, chap. 3) . The RPEs were found only when a code corresponding to an obvious stimulus dimension could be activated discretely to provide preliminary information about the stimulus. No preparation effects were found when the information available early could not be readily coded in a discrete fashion. These results thus support a model, referred to here as the asynchronous discrete coding, or ADC, model, in which partial information abut a stimulus can be transmitted only when the information is complete with respect to an internal code.
The evidence in support of this generalization is strong. The RPEs were found when early information indicated that a stimulus was of a particular size, that a stimulus was a particular letter, or that a stimulus belonged to a particular category (letter or digit). However, no RPE was found when early information constrained the stimulus to be one of two distinct letters (MN or UV) or one of two distinct alphanumeric characters in different categories (II or S5). The contrast between Experiments 4 and 6 is especially strong support for the notion that output is 1 discrete with respect to codable stimulus properties. Both experiments used two pairs of visually similar stimuli, and every stimulus had a unique and highly overlearned name in both studies, Response preparation was obtained only when there was a letter versus digit category difference between the two pairs of visually similar stimuli. Thus, preliminary information about visual characteristics seems to be useful for response preparation only if it can be used to activate a discrete code by which the information can be transmitted.
Results from two studies with geometric stimuli also support the importance of coding for information transmission. When geometric stimuli were constructed from orthogonal dimensions, a large preparation effect was found. When the stimuli were not constructed from orthogonal dimensions, however, a much smaller (possibly zero) effect of response preparation was obtained. These results are exactly what would be predicted from the hypothesis, supported by previous evidence (Miller, 1979) , that geometric stimuli constructed from orthogonal dimensions tend to be coded in terms of these dimensions whereas stimuli constructed from nonorthogonal properties tend to be coded as independent wholes.
Even the results of Experiment 2 suggest, in retrospect, the importance of stimulus coding for response preparation effects. Stimuli in that experiment were the four letter pairs BE, BO, ME, and MO, and the two letters in a stimulus pair were presented at slightly different times. Response preparation was obtained when the consonant was presented before the vowel, but not when the vowel was presented before the consonant. This result is easy to interpret in terms of a model in which stimulus coding is con-' strained to process letter pairs in the normal left-to-right reading order. It is hard to see how to reconcile the result with a fully continuous model, however. On logical grounds, information provided by the vowel should have been juist as useful for response preparation as information provided by the consonant.
The idea of an information-processing stage is an old and honored one within experimental psychology (Donders, 1969; Jastrow, 1890; Wundt, 1880) , and the work reported here suggests there is real merit in the view of processing as a series of discrete operations. In general, a stage may be defined as a process or set of processes that receive input only after necessary prior processes have finished completely and transmit output only when all processes performed by the stage have completely finished. In other words, it seems reasonable to say that a stage neither receives nor sends partial output, Of course, it is important to be explicit about the units of information (codes) that a stage receives as input and transmits as output. Also, in specifying the processing accomplished by a stage, it is important to be explicit about what processes cannot begin until the stage is finished. The discrete output property requires that a stage be defined relative to a subsequent process that awaits its completion, so a stage cannot be defined in isolation.
A definition of a stage, of course, is only useful to the extent that there is evidence for the existence of such an entity. The present work has shown that the processes responsible for preparing responses seem to receive information only about complete activation of internal codes used in representing the stimulus. Thus, it appears that response preparation really is a stage separate from the perceptual and decision processes. Although this does not demonstrate discrete information transmission between other stages classically assumed to be involved in RT tasks (e.g., transmission from perception to decision), it certainly raises the a priori likelihood of discreteness at other points in the system.
The idea being proposed on the basis of these experiments is simply that there exist some points of processing for which output is discrete with respect to some units of information. Clearly, processing is not always discrete for the stimulus as a whole. Nor is there any reason to believe that processing is discrete at all points, so the results should not be taken as evidence against models with continuous processing within a stage. Consider, for example, the reading model of Rumelhart (1977) . In this model, the wordidentification process is based on a complex interactive system examining stimulus evidence in the light of an ever-more-complex set of constraints generated by other parts of the stimulus field. Partial activations of feature codes continuously activate letter codes, which in turn continuously activate word codes. All this continuous processing happens within the stage responsible for word identification, however. The wordidentification process might transmit information to response processes discretely, even though the information built up as the result of processes with continuous output. Similarly, Turvey (1973) proposed a concurrentcontingent continuous-output model of perceptual processing on the basis of masking data. He concluded that partial output from the level of crude visual features was! available to letter-recognition processes before all features had been extracted. Thus his conclusions are limited to perceptual processes, and are not incompatible with the conclusion that information about letters is transmitted discretely to response activation processes.
For purposes of modeling RT, the present results suggest a formalism in which processing is discrete for codable stimulus components or dimensions rather than for.whole stimuli. For stimulus sets represented in terms of unitary internal codes (e.g., memory scanning with letters), the results suggest that the discrete formalism required by the additive factor method (Sternberg, 1969a (Sternberg, , 1969b ) is reasonable. For stimulus sets coded in terms of multiple dimensions, however, the formalism that seems most appropriate is that used in critical path analysis (Kelley, 1961; Schweikert, 1978; Wiest & Levy, 1969) . This formalism is a generalization of the additive factor method in which each process is contingent on some but not necessarily all of the prior processes.
For example, a decision process using letter identity would be contingent on perceptual processes responsible for recognizing identity but not on perceptual processes that determined size. In critical path analysis, a process cannot begin until all processes on which it is contingent have completely finished, but several different processes can operate at the same time as long as they are not contingent (e.g., identity decision and perception of size).
Schweikert (Note 1) discussed several patterns of data that can be accounted for using critical path analysis but that are incompatible with a simple additive factor method analysis. He showed some data from double-stimulation experiments that fit these patterns, and concluded the assumptions of the additive factor method are violated when such stimuli are used. This is exactly what would be expected based on the ADC model, since more than one code would almost certainly be needed to represent more than one stimulus. Similarly, Bauer (1981) has demonstrated patterns of data favoring critical path analysis over the additive factor method framework in experiments with single stimuli having multiple dimensions.
In conclusion, it should be noted that the most important result of this work may be the introduction of a new method for studying the transmission of information through the human perceptal-motor system. The method used here can easily be extended to a variety of stimulus sets, tasks, and response domains. Ultimately, this method may provide an important tool for learning about both the time course of response preparation and the codes of information transmission.
